Objectives: Our aim was to investigate the association between sleeping hours at night and during the siesta and the incidence of obesity in a Mediterranean cohort. Methods: After a median of 6.5 years of follow-up, we included 10,532 or 9,470 participants without chronic disease or obesity at baseline for analyzing the association between the incidence of obesity and nocturnal sleep duration or having siesta. Sleeping hours and siesta were assessed at baseline. Weight was recorded at baseline and every 2 years during the follow-up. The outcome was the incidence of obesity during follow-up among participants with initial BMI <30 kg/m 2 . Results: During follow-up we observed 446 new cases of obesity in the analysis of nocturnal sleep duration. Sleeping less than 5 h at night was associated with a higher risk of becoming obese compared to sleeping between 7 and <8 h (HR 1.94; 95% CI 1.19-3.18; p for quadratic trend = 0.06) after adjusting for potential confounders. During follow-up, we observed 396 incident cases of obesity in the analysis of siesta. Those who took a siesta for 30 min/day had a 33% lower risk of becoming obese (HR 0.67; 95% CI 0.46-0.96; p for quadratic trend = 0.13) compared to those who did not take siesta. Conclusion: Our results suggest that short nocturnal sleep duration could be a modifiable risk factor for obesity. It is possible that this association may be stronger among men and subjects who experienced previous weight gain. Additionally, siesta might be a novel and independent protective factor for obesity; however, confirmatory studies are needed.
Introduction
Obesity has become a worldwide epidemic; it is a health concern in both developed and developing countries. According to the World Health Organization, obesity has more than doubled since 1980 and it is the fifth leading risk for global deaths [1] . The fundamental cause of obesity is an energy imbalance between calories consumed and calories expended. Although diet and physical activity play an important role in the risk of obesity, an additional and novel factor may be insufficient sleep [2] . It has been demonstrated that reduction in sleep duration or poor sleep quality can alter appetite, satiety, and energy balance [3, 4] . Consequently, it is thought that alterations in sleep pattern could have an important role in the obesity epidemic.
In the last years, results of epidemiological (cross-sectional) studies among adults about short sleep duration and obesity are not consistent as they reported either no association [5] , a U-shaped association [6] , or a positive association [7] [8] [9] [10] [11] [12] . However, the causal direction has been difficult to establish in these cross-sectional studies due to their design. Prospective studies evaluating this hypothesis found an inverse association between short sleep duration and future weight gain or the risk of obesity [7, [13] [14] [15] [16] [17] [18] [19] [20] . Nevertheless, inconsistencies are reported in two studies [16, 17] , and the association between short sleep duration and future weight gain appeared to decrease with increasing age in one prospective study [20] and one cross-sectional study [5] . In addition, one study showed that long sleep duration was also associated with obesity [18] .
Afternoon sleep, midday nap, or siesta is a common practice, particularly in many Mediterranean countries including Spain. Null epidemiological evidence exists about the relationship between siesta and the risk of obesity or weight gain in adults. As there is no previous cross-sectional or longitudinal assessment about siesta and the incidence of obesity among adults, here we present the first prospective study that evaluates this association.
Therefore, the aim of our study was to investigate the association between nocturnal sleep duration and siesta with the incidence of obesity in a large Mediterranean cohort.
Subjects and Methods

Study Population
The SUN study is a prospective, multipurpose and dynamic Spanish cohort, designed to establish associations between diet and the occurrence of several diseases including obesity [21] . The participants were followed up every 2 years using mailed questionnaires. A description of the study methods was published elsewhere [21] . Briefly, participants' recruitment started in December 1999, and it is permanently open. All participants are university graduates, where the age ranged from 20 to 90 years. Up to March 2009 the data set of the SUN project included 20,066 participants. For the present analyses, we excluded those participants with prevalent obesity at baseline (n = 968), those who reported excessively low or high values for total energy intake (less than 800 kcal/day in men and 500 kcal/day in women or more than 4,000 kcal/day in men and 3,500 kcal/day in women; n = 1,831), women who were pregnant (n = 2,267), and those who reported chronic diseases at baseline (diabetes, cancer and cardiovascular disease (CVD); n = 1,521), leaving a total of 13,479 participants. The rationale for these exclusions was to avoid or reduce information bias as it has been recommended in nutritional epidemiology [22] . Additionally we had 1,434 participants who were lost to follow-up leaving a total of 12,045 (retention rate 89%). From this group, we excluded another 1,513 participants who did not answer the question of how many hours they sleep at night, leaving a total of 10,532 participants available for the analysis of the relationship between obesity and nocturnal sleep duration ( fig. 1 ), or another 2,575 participants who did not answer the question of siesta leaving a total of 9,470 participants available for the analysis of the association between obesity and siesta.
The Institutional Review Board of the University of Navarra approved the study protocol. Voluntary completion of the first self-administrated questionnaire was considered to imply informed consent.
Sleep and Siesta Duration
Average nocturnal sleep duration was obtained by adding the information from the following two questions included in the baseline questionnaire: 'How many hours per day do you sleep at night during the weekdays?' 'And during the weekends?' We multiplied the first number of hours by 5 and the second by 2 and then divided the total by 7. Average siesta duration was similarly calculated using these two questions: 'How many hours per day do you take a siesta during the weekdays?' 'And during the weekends?' The information about sleeping hours and siesta was validated in a comparison versus prospective records in a subsample of participants (intraclass correlation coefficients 0.65 and 0.68 for sleeping hours and siesta, respectively).
Dietary Assessment
At baseline, food intake was assessed by a semiquantitative food frequency questionnaire (FFQ) previously validated in Spain with 136 food items [23, 24] . The questionnaire was based on standard portion sizes where frequencies were measured in nine categories (ranging from never/almost never to at least 6 times/ day) for each food item.
A trained dietitian updated the nutrient databank using available information on food composition tables for Spain [25, 26] .
Assessment of Confounders
The baseline questionnaire also included other questions (46 items for men and 54 for women) that assessed the participants' medical history (prevalence of chronic diseases such as cancer, diabetes, and CVD), health-related habits (smoking status, physical activity during leisure time), lifestyle, and sociodemographic variables (sex, age, marital status, and employment) as well as anthropometric data (weight and height).
Outcome Assessment
Participants' weight was recorded at baseline and during the follow-up questionnaires. The median follow-up time for these analyses was 6.5 years. The outcome in the current analysis was the incidence of obesity in the cohort (participants with a baseline BMI value lower than 30 kg/m 2 and with a BMI ≥ 30 kg/ m 2 after follow-up). BMI was calculated as the self-reported weight in kilograms divided by the square of height in meters. The validity and reproducibility of self-reported weights were assessed in a subsample of the cohort. The mean relative error in self-reported weight was 1.45%, and the correlation coefficient between measured and self-reported weight was 0.99 (95% confidence interval (CI) 0.98-0.99) [27] . To quantify the amount of physical activity, we inquired about 17 activities, and a metabolic equivalent index (MET-h/week) was computed. The MET-h/week, showed to adequately correlate with the objectively measured energy expenditure in a previous validation in a subsample of the cohort (Spearman's ρ = 0.51; 95% CI 0.232-0.707) [28] . The validation studies were performed on the baseline information.
Statistical Analyses
Participants were classified into four categories according to the average of hours they slept at night: <5 h, 5 to <7 h, 7 to <8 h, and ≥ 8 h; or according to the time they took a siesta: 'never or almost never', those who took a typical siesta of 30 min, those who took >30 min to <1 h, and those who took ≥ 1 h. Additionally, we calculated the total daily sleep duration by summing up the hours participants reported to sleep at night and the time they took a siesta, and we classified them into the same four categories. We considered for all analyses sleeping between 7 and <8 h as the reference category in the nocturnal sleep duration analysis, and those who 'never or almost never' took a siesta as the reference category in the siesta analysis.
In addition, to assess the joined effect of nocturnal sleep duration and siesta we have cross-classified both exposures, taking as the reference category sleeping from 7 to <8 h at night and taking a 30-min siesta.
Cox regression modeling was used to estimate the hazard ratio (HR) for the development of obesity during the follow-up. HR and the 95% CI were calculated. Some previous cross-sectional and prospective studies found that the association between sleeping hours and the risk of incident obesity did not follow a linear trend; instead a U-shaped association was found. Therefore, we used the quadratic term to better account for this departure from linearity.
We fitted a crude univariable model, an age-and sex-adjusted model, and two multivariable models. The first model was adjusted for age, sex, physical activity (MET-h/week), smoking status (non-smoker, smoker, former smoker), sitting (h/day), total energy intake (kcal/day), consumption of sugared-soft drinks (ml/ day), fast food consumption (g/day), snacking between meals (yes/no), caffeine intake (mg/day), alcohol intake (ml/day), regular snorer (yes/no), insomnia (yes/no), and siesta (yes/no) or categories of sleeping hours (<5 h, 5 to <7 h, 7 to <8 h, and ≥ 8 h). The second multivariable model was additionally adjusted for baseline BMI (kg/m 2 ). According to the current recommendations [29] to select potential confounding factors, we took into account previously published scientific literature on causal risk factors for weight gain [30] . In addition we adjusted for some variables strongly associated with lifestyles such as smoking.
We evaluated the interaction of sex and previous weight gain (<3 kg and ≥ 3 kg in the 5 years previous to baseline assessment) with the categories of nocturnal sleep duration through likelihood ratio tests for the product term introduced in fully adjusted models, and we conducted stratified analyses in both cases.
All p values presented are two-tailed; p < 0.05 was considered statistically significant. Analyses were performed using SPSS version 15.0 (SPSS Inc. Chicago, IL, USA).
Results
Sleeping Hours
The main characteristics of participants according to nocturnal sleep duration are presented in table 1 . The mean age of the participants was 39 ± 12 years, and the mean BMI was 23.4 ± 2.9 kg/m 2 . Comparing participants in the category of sleeping <5 h and the reference category (7 to <8 h), participants belonging to the reference category were younger, had a lower caffeine intake, showed lower proportions of insomnia and regular snoring, and were found of having siesta more frequently. Other baseline characteristics were very similar in all categories.
During the follow-up period (median of 6.5 years), we observed 446 new (incident) cases of obesity. Sleeping <5 h at night was associated with a significantly greater risk of becoming obese compared with sleeping between 7 and <8 h at night (HR 1.94 (1.19-3.18) ), and the HR for sleeping ≥ 8 h was 1.13 (0.89-1.43) (p for quadratic trend = 0.06), after adjusting for potential confounders ( table 2 ) . However, when nocturnal sleep duration was entered in the model as a continuous variable, the quadratic trend was not significant in the multivariableadjusted model (results not shown in the tables).
We split the database according to weight gain (no weight gain or <3 kg and ≥ 3 kg) before enrollment (5 years previous to the baseline questionnaire) and analyzed the relationship between nocturnal sleep duration and subsequent risk of becoming obese within these two categories. The HRs for incident obesity in all categories of nocturnal sleep duration were significantly higher in the group of participants who were gaining weight before the baseline questionnaire (<5 h: ( table 3 ) . We also evaluated other possible interactions to determine whether the association between sleeping hours and the risk of obesity depended on sex. The risk of becoming obese associated with very low sleeping hours at night was higher among men than among women only in the category of sleeping <5 h at night. The estimates for sleeping <5 h were HR 2.09 (1.18-3.69) p for quadratic trend = 0.05 for men and HR 1.26 (0.44-3.57) p for quadratic trend = 0.30 for women, resulting in a p for interaction = 0.056 ( table 4 ). We conducted a secondary analysis including those participants who initially were excluded because they had low or high energy reports according to published recommendations in nutritional epidemiology [22] , and the HRs were: 1.58 (0.97-2.57), 1.15 (0.92-1.44), 1.00 (ref.) and 1.10 (0.88-1.39) for <5 h, 5 to <7 h, 7 to <8 h and ≥ 8 h, respectively (results not shown in the tables). ( table 5 ) .
We repeated the analysis without any exclusion because of energy intake. The HRs were 0.68 (0.48-0.95), 0.93 (0.74-1.18) and 0.75 (0.49-1.13) for 30 min, >30 min to <1 h and ≥ 1 h duration of siesta, respectively (reference: never or almost never having siesta) that included all subjects irrespective of their energy intake (results not shown in the tables).
Nocturnal Sleep Duration and Siesta
When we analyzed the cross-stratified associations of nocturnal sleep duration and siesta, sleeping <7 h at night and taking a siesta of more than 30 min was associated with a higher risk of becoming obese during the follow-up in comparison with sleeping 7 to <8 h and taking a siesta of 30 min (HR 2.02 (1.12-3.67)) ( table 6 ). 
Discussion
The results of this prospective study showed that short sleep duration at night (<5 h) was associated with a higher risk of obesity; additionally, a siesta of 30 min was inversely associated with the risk of obesity.
Obesity and short sleep duration might be linked [31] . Two mechanisms could account for potential causal pathways between reduced sleep hours and obesity: i) sleep loss has an impact on the hormones involved in appetite regulation; lower levels of leptine (appetiteinhibiting hormone) and higher levels of ghrelin (appetite-stimulating hormone) are associated with less sleeping hours [3, 4] ; ii) less time sleeping means more opportunities to eat. Therefore, reduced sleep could lead to increased food intake and increased appetite that could lead to obesity. Moreover, sleepiness and fatigue may result in reduced energy expenditure through decreased physical activity [32] , even though in this cohort study all participants had almost the same physical activity (MET-h/week).
Recent cross-sectional and prospective epidemiological studies found that reduced sleep duration is associated with a major risk of developing obesity in children [12] [13] [14] [15] [16] and in adults [8, 10, 11, [13] [14] [15] . Our study is consistent with these previous studies.
We split our database according to the weight gained in the previous 5 years of the baseline questionnaire in two groups: those who gained 3 or more kg, and those who did not gain weight or gained less than 3 kg. We found that those who were gaining weight before enrollment were those with the higher subsequent risk of obesity. We observed the association between sleeping hours and the risk of obesity in all categories; however, the strongest association was found among those who were gaining weight before enrollment, especially when comparing sleeping <5 h with sleeping between 7 and < 8 h at night. In addition, the p value for interaction was significant. Therefore, we think that our study does not support a causal association between nocturnal sleeping duration and obesity among participants with stable weight. This differential effect in this group of participants could be attributed to other lifestyle or genetic factors that render them susceptible to subsequent weight gain. This effect modification according to previous weight gain has been observed in our cohort in previous analyses on other risk factors for obesity [33] .
We found some differences between sexes, but these might be a result of limited power due to a lower obesity incidence in women or even may also be explained by other factors such as an overall healthier lifestyle in women. Thus, our results on this particular issue should be confirmed in future studies.
Regarding siesta analysis, to our knowledge this is the first time that this finding (an association between siesta and a reduced risk of obesity in adults) is reported in a large prospective study. The proportion of participants taking siesta among those who slept less than 5 h was lower than among those who slept 7 to < 8 h at night. We found a protective effect associated with taking a 30-min siesta during the day compared to not taking siesta during the day. In contrast, one study in children has found that day time sleep had a little effect on subsequent obesity [34] . Some studies in adults have assessed other different associations for siesta, for example inverse associations between siesta and CVD have been reported [35] . Also, a positive association between siesta and overall mortality has been reported in elderly people [36] . However, a 33% reduction of the risk of developing obesity in our study deserves further research to clarify the possible mechanisms by which siesta might protect against the development of obesity.
When we analyzed the combined effect of nocturnal sleep duration and having a siesta, we found that sleeping less than 7 h and taking a siesta of more than 30 min were associated with a higher risk of incident obesity in comparison with sleeping 7 to >8 h and taking a 30-min siesta. With this result in mind, it could be thought that having a siesta did not avoid the higher risk of obesity observed among participants sleeping <7 h; however those participants who took a siesta of 30 min had the lowest risk among those who slept <7 h. Previous studies have observed that a short siesta (less than 30 min) is associated with several benefits (promotes wakefulness and enhances performance and learning abilities), but in contrast, longer naps are associated with adverse long-term health effects (higher morbidity and mortality) [37] .
Our study has many strengths. First, there is the prospective design which eludes the possibility of reverse causation bias present in cross-sectional studies. Other strengths are the use of a wide range of scoring for each food portion (9 categories) and the previous validation of the methods used to assess the main variables such as weight and BMI [27] , physical activity [28] , and the FFQ [23, 24] as well as the large number of participants included in the cohort. It might be thought that a potential limitation of our study is that it only included university graduates and therefore, is not representative of the general Spanish population. This issue may affect the generalizability of our findings; therefore, we have to be cautious in extrapolating these results to the general population. However, it could also have actually enhanced the internal validity of our study because the high level of education and the homogeneity of the cohort reduced the potential confounding related to socioeconomic status. In addition, the high educational level of our participants provides us a better quality in the information.
